Refineries: Lin FRITSCHI, et al. Department of Epidemiology and Preventive Medicine, Monash University-A cross-sectional survey of 2404 employees in three alumina refineries was performed in 1996. The aims of this study were to investigate associations between respiratory symptoms and lung function and cumulative quantitative workplace exposure to alumina and bauxite dust, as well as recent workplace exposure to caustic mist. All participants answered questions about respiratory symptoms and the relationship of those symptoms to work, as well as having spirometry and providing a complete job history. The job histories were combined with a task exposure matrix for bauxite and alumina dust. The current job was also assigned a semiquantitative exposure to caustic mist. Prevalence ratios (PR) and 95% confidence intervals (CI) for symptoms were calculated for each exposure. Subjects in the highest group of current caustic exposure reported increased prevalence of work related wheeze (PR=1.8 95% CI 1.0-3.1) and rhinitis (PR=1.6 95% CI 1.1-2.4) but did not have measurable changes in lung function. Alumina exposure was associated with minor increases in reporting of work related wheeze and rhinitis but no changes in lung function. Bauxite exposure at the levels experienced in these alumina refineries was not associated with either symptoms or lung function changes. (J Occup Health 2001; 43: 231-237) 
working in production jobs were more likely to report respiratory symptoms than those in administration jobs but that the patterns were inconsistent across the three refineries 1) . Although the presence of some symptoms was accompanied by changes in lung function, there was no direct association of lung function change with work in any particular area of the refineries. We have subsequently obtained data from measurements of airborne levels of contaminants which allowed us to analyse the relationships between symptoms, lung function and quantitative exposures to alumina dust, bauxite dust and caustic mist.
In the refining process, crushed bauxite is brought by train or conveyer belt to the refineries. The ore is mixed with caustic soda and heated to force the alumina into solution. The dissolved alumina is then precipitated out, washed and dried in calciners. The main exposures are to bauxite dust at the beginning of the refining process, to caustic mist throughout the refineries, and to alumina dust in the last stages of the process and in the shipping areas 2) . The aims of this study were to investigate associations between respiratory symptoms and lung function and cumulative quantitative workplace exposures to alumina and bauxite dust, as well as recent workplace exposure to caustic mist.
Methods
A cross-sectional survey of all employees at three alumina refineries and an alumina shipping port was carried out in 1996 and has been described previously 1) . Briefly, 89% of employees were administered a questionnaire containing questions on demographic characteristics, respiratory symptoms, and temporal relationships of any symptoms to work. A symptom was classified as "work-related" if it was worse at the end of the shift, or better on days off, or better during annual leave. Lung function was assessed with a rolling seal spirometer to ATS criteria 3) . Atopy was measured by a skin prick test to detect house dust mite, grass, cat dander, and mould (Hollister, Steir). A mean wheal size of 3 mm or greater (after subtracting the negative control value) in reaction to any of the allergens was taken as indicating atopy.
Exposure information
A complete job dictionary was created for all current and past job titles in all sites, including site, department, operating centre, job title, and for each job title the tasks which were performed as part of that job. A task was defined as the work plan for one entire shift and may have included several subtasks.
A full job history was provided by each subject at interview and each job was classified according to the study job dictionary. For each task performed, the subject was asked to estimate how much of his or her working time was spent on that task. Dates at which each job was started and finished were also recorded.
All available exposure monitoring data on bauxite dust and alumina dust were made available by company hygienists. Individual data points were entered into a database under the appropriate task and year they were taken. Measurements which had been taken for special cases (eg spills) were marked as such and were not included in exposure assessments. Any significant change in the work process which may have resulted in a change in exposure was recorded.
A task exposure matrix (TEM) was then developed consisting of a geometric mean level of measured exposure to each contaminant for each task, for each year in which the task had existed. The rules used to develop this TEM have been described previously 4) and are summarized here. Monitoring data were used for all tasks for which they were available. Values from monitored tasks were also assigned to similar tasks which had not been monitored; were extrapolated backwards to years prior to the collection of monitoring data; and were extrapolated forwards to years in which no measurements were taken. For tasks with no monitoring data, no similar monitored tasks, and which the hygienists considered to have very low exposure, an arbitrary value of half the limit of detection was assigned. The draft TEM for each site was revised by the site hygienist.
The data in the TEM and the job histories provided at interview were then combined to calculate individual cumulative lifetime exposures to bauxite and alumina dusts. For each individual the TEM value for each task/ yr combination in his or her work history was multiplied by the percent of time spent in the task. All the resulting values were added to provide a cumulative exposure for each contaminant for each subject. The measurements in the TEM were entered as mg/m 3 for an 8-h shift. For caustic mist, the usual hygiene monitoring practice at the refineries was to perform static monitoring in specified locations over a 15-min period, with the sampling heads placed close to the breathing zone of the worker. These samples do not provide information on the duration of exposure for individuals, since the tasks often involve moving in and out of the monitored regions. Since the patterns of exposure to caustic mist are reasonably predictable in a particular task, it was decided to use a semi-quantitative measure to categorise peak exposure to caustic mist. The site hygienists at each of the three refineries estimated which tasks involved exposure to caustic peaks and used available data to classify those tasks into one of three groups: low (<0.05 mg/m Each subject was classified according to the highest peak exposure in any of the current tasks performed in the job held at the time of the study. Possible effects due to duration or frequency of the peak exposures could not be examined in the analysis. No account was taken of jobs held prior to the current position as the hygienists were not confident they could accurately estimate caustic mist exposures in previous jobs.
Statistical analysis
The association of exposure/non-exposure with demographic characteristics and the presence of symptoms was tested with contingency tables and the chi-squared statistic and t-tests for continuous variables.
Prevalence ratios were calculated with generalised linear models (with binomial distribution and log link) using work related wheeze, chest tightness and rhinitis in turn as the outcome. The main predictor was the exposure to the substance of interest, and the analyses were repeated adjusting for age (continuous) and smoking (never versus ex-smoker versus current smoker) and, in some analyses, refinery. For ease of presentation, the subjects were divided into quartiles of exposure to bauxite and alumina dust. The multivariate analyses were repeated restricting the analysis to subjects who had ever worked in production jobs (i.e. excluding those who had only ever worked in administrative or maintenance jobs).
Interactions between caustic and alumina were examined by including caustic exposure (4 levels) and alumina exposure (ever/never) as well as an interaction between the two.
Mean FEV 1 , FVC and FEV 1 /FVC were calculated for exposed and unexposed groups. Linear regression was performed with FEV 1 , FVC and FEV 1 /FVC as outcomes. The main predictor considered was exposure to the substance of interest (divided into quartiles for bauxite and alumina) with adjustment for age (continuous), smoking (never versus ex-smoker versus current smoker), and height (continuous).
Results
There were 2,404 male participants and 192 female participants in three refinery sites. Only 23 women had ever been exposed to bauxite dust with a median exposure of 1.4 mg/m 3 yrs, 16 had ever been exposed to alumina dust with a median exposure of 0.2 mg/m 3 yrs, and 22 were currently exposed to caustic mist. The analysis that follows included only males.
About a third of participants had been exposed to bauxite and to alumina (Table 1) . Median cumulative exposure was quite low but there were outliers with very high exposures, although these were due to long work histories rather than high short term exposures. The highest cumulative exposures were found in Refinery 1 (which was the oldest refinery). With regard to bauxite dust, the respirable fraction depended upon the task performed, but across the refineries, the median respirable fraction was 10% with a range from 1.5% to 28.6%. Only inspirable dust data were available for alumina.
Over 40% of subjects were currently exposed to caustic mist, with employees in Refineries 2 and 3 more likely to be exposed than those in Refinery 1.
No exposure was recorded for 822 (34%) participants, 160 (6.7%) were exposed to all three contaminants, and 636 (26%) were exposed to only one of the three contaminants. Those subjects exposed to bauxite or caustic were more likely to have smoked, and those exposed to any of the three contaminants were less likely to have a university education ( Table 2 ). The proportion of subjects exposed to bauxite and alumina increased as years of employment increased but current exposure to caustic was most likely in those recently employed, who were also younger.
Respiratory symptoms
Exposure to bauxite was not associated with any symptoms in the univariate analyses (Table 3 ). Subjects exposed to alumina were marginally more likely to report work related wheeze and rhinitis. Subjects exposed to caustic mist were significantly more likely to report work related wheeze, chest tightness, and rhinitis. After adjusting for age and smoking, there were no associations seen between bauxite exposure and the three respiratory symptoms (Table 4 ). There were some increases in the prevalence of work related wheeze and rhinitis in subjects in the higher quartiles of alumina exposure. Restricting the analyses to those who had ever worked in a production job (n=1224) did not substantially change these findings.
These analyses were repeated, comparing the prevalence of symptoms in those who had been exposed to alumina or bauxite in the previous two years with those unexposed in the previous two years. There were no associations found between recent bauxite exposure and symptoms. Subjects recently exposed to alumina were slightly more likely to report work related rhinitis than those not recently exposed (PR=1.3 95% CI 1.0-1.8).
Subjects with the highest current exposure to caustic mist were at significantly higher risk of reporting work related wheeze and rhinitis (Table 4) . These results were not changed when the analysis was restricted to those who had ever worked in a production job. There were no significant interactions between alumina and caustic for the three work-related symptoms.
Subjects in Refinery 2 had higher prevalences of work related wheeze, chest tightness and rhinitis compared to subjects working in the other two refineries (Table 5) , after adjusting for age and smoking. Adjusting for exposure to alumina and to bauxite did not substantially # not adjusted for smoking due to small numbers change these findings. After adjusting for caustic mist exposure, the differences between refineries were reduced.
Lung function
In Table 6 we present the difference in lung function, in millilitres, for the exposed groups compared to unexposed subjects. After adjusting for age, height and smoking, there were no significant differences in lung function according to exposure to alumina (Table 6 ). There was an isolated decrease in FEV 1 in subjects in the second quartile of bauxite exposure. There were no significant differences in FEV 1 between caustic exposure groups, but those in the highest two exposure groups had significantly increased FVC. There were no differences in these results when these analyses were restricted to those who had ever worked in production jobs. 
Discussion
This study has shown that high levels of current caustic mist exposure were associated with increased prevalences of reporting work-related wheeze and rhinitis, but there was no impairment in lung function associated with current caustic exposure. No effect of cumulative bauxite or alumina exposure on symptoms or lung function was found.
Caustic soda (sodium hydroxide) is a strong alkali and inhalation of high concentrations can cause serious respiratory tract injury 5) , but peak levels seen in the refineries in this study are lower than the recommended ceiling level of 2 mg/m 3 6) which is based on "noticeable, but not excessive, ocular and upper respiratory tract irritation" 5) . No systematic studies of symptoms experienced under actual working conditions have been reported previously. Inhalation of a mixture of sodium carbonate, and sodium bicarbonate with some sodium hydroxide in the laboratory has not been shown to cause bronchoconstriction in known mild asthmatics 7) . No loss of lung function with exposure to caustic mist has been demonstrated in this study. There are case reports of obstructive lung injury associated with acute 8) and chronic 9) exposure to probably high concentrations of caustic mist. The higher levels of FVC in the subjects with medium and high caustic exposure may be due to a selection bias.
These analyses in this study show no consistent association between exposure to bauxite and respiratory symptoms or lung function. We recently examined a group of bauxite miners who had similar levels of cumulative bauxite exposure and also found no associations with respiratory symptoms or lung function 4) . Subjects with higher alumina exposure had small increases in the prevalence of reported work-related wheeze and rhinitis but no change in lung function. A study of total dust in a bauxite mine and alumina plant in the USA found that FEV 1 decreased with long-term high cumulative dust exposure 10) . Our study differs from that study in that we examined bauxite and alumina separately and that our exposures were an order of magnitude lower than in the previous study. A report on 4 workers exposed to alumina dust in an aluminium smelter found fibrosis in one who had had been employed for 37 yr and was a smoker 11) . A very old study of 49 aluminium smelter workers exposed to alumina dust found no evidence of pneumoconiosis or other pulmonary disease 12) . A comprehensive review of alumina-related pulmonary disease concluded that, although some animal studies had found increases in fibrosis after insufflation of some types of alumina, under current levels and types of occupational exposure "alumina's fibrogenicity is quite low" 13) . The exposure assessments used for bauxite and alumina in this study were an improvement on previous assessments as they utilized quantitative data and the exposure matrices were developed in conjunction with site hygienists who had long term and detailed knowledge of exposures on their sites. At the levels of exposure currently being experienced in these refineries respiratory symptoms occur, particularly in subjects exposed to caustic, but no impairment of lung function can be demonstrated.
The prevalence of reported symptoms were higher at Refinery 2 than at the other two refineries. Although there were minor differences in the Bayer refining processes in the three refineries, the determinants of caustic and dust exposure were similar. Quantitative exposure data indicated that the levels of caustic exposure were lowest at Refinery 3, and the highest dust TWA levels were reported from Refinery 1. The reason for the differences between refineries remains unknown, as some differences remained even after adjustment for exposure.
This was a cross-sectional study, with the consequent risk of biases from differential selection into or out of, exposed groups. There is the possibility that subjects who developed exposure-related symptoms moved to unexposed jobs (where their symptoms declined), although analyses confined to those ever in production jobs did not change the results. In addition, employees who developed symptoms may have left employment with the company and therefore not participated in this study.
We conclude that caustic exposure is associated with work related wheeze and rhinitis in alumina refinery workers, but caustic exposure did not appear to be associated with changes in lung function. Alumina exposure was associated with minor increases in reporting of work related wheeze and rhinitis but no changes in lung function. Bauxite exposure at the levels experienced in these alumina refineries was not associated with either symptoms or lung function changes.
